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XXVI. Of the Degrees and Quantities of Winds requijite 
to move the heavier Kinds of Wind Machines. In a 
Letter from John Stedman, M. D. Fellow of the Royal 
College of Phyjicians at Edinburgh, to the Reverend 
Samuel Horfley, LL.D. Secretary to the Royal Society. 



e T u Edinburgh, 

» * K, March zj, 1777. 

Read Apr. 24, t I *HE irregularity and uncertainty of winds 
1776. 1 

*** in this country have been found a con- 

fiderable difcouragement to erect wind machines. It 
hath frequently happened,, that the proprietors of coal 
and other works, after having reared thefe kinds of en- 
gines, and having found them inefficient for the in- 
tended work, have been obliged to open mines, or to 
erect fire machines. This is chiefly owing to the under- 
takers reckoning upon more winds of a fufficient power 
to move thefe machines, than we commonly have in this 
country. 

Thefe machines are rarely erected with us, unlefs 
where a confiderable moving power is necefTary. This 
is always the cafe where the larger kind of pump-work 
is to be kept in motion, or where water is to be extracted 

from 



494 ® r > stedman on the Degrees and Quantities 
from deep pits. Having enquired of many people con- 
cerned in fuch works, what may be the proportion of 
time in which wind machines may be kept in motion, to 
that in which they cannot move from a defect of wind, 
I found thefe people differing widely in their conjectures. 
Having, however, met with one gentleman of ob- 
fervation and accuracy, who had erected a wind ma- 
chine for draining his coal ; he told me that, by the beffc 
computation he had been able to make, he never could 
depend upon more than fifty-three or fifty-four ISours of 
wind fufficient for moving that machine, in a week, 
taking the year round. This is below what is commonly 
believed to be the proportion; but, fo far as this can be 
rated by an eftimate in the following manner, it will be 
found to be much about what may be depended upon 
for the heavieft kinds of machines? flill making allow- 
ance for the differences of expofures, and for the ftrength 
and frequency of winds in one part of the country more 
than in another. We may here take notice of a circum- 
ftance favourable to the draining of coal-pits ; that is, 
that the periods of the year in which the greateft quan- 
tities of rain fall, are likewife obferved to abound with 
winds of the higher degrees. This feldom fails to hold 
in hilly countries, and particularly in thofe of high lati- 
tudes; that is, where the differences of heats in fummer 
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of Winds reqmjtte to move heavy Wind Machines. 49 5 
and of colds in winter are very considerable. The periods 
of the year here meant will generally be found to fall 
near the Equinoxes. 

The only method of bringing the matter to a proper 
eftimate is, by comparing the quantities of winds fuffi- 
eient for moving thefe machines, with thofe of winds be- 
low that degree, and calms. This computation can only 
be drawn from journals in which the degrees of winds 
are noted. In the meteorological regifter of the Medical 
Effays of the Edinburgh Society, there is a column of 
winds, and four degrees are noted. This divifion is fuf- 
ficient for the purpofes for which that regifter was in- 
tended; but, when we confider the wind as a power 
acling upon machines, that number of degrees will be 
found too finall; 

Thus, from the fecond in that regifter to a hurricane, 
there is but one intermediate degree. As- the fecond de- 
gree, which is very moderate, is infufficient for moving 
thefe machines; the third is more than juft enough for 
that purpofe. A degree, therefore, which is a mean be- 
twixt thefe two, will be found to be the loweft that is 
fufficient for moving machines of the heavier kinds, par- 
ticularly fuch as are ufed for pumping water out of 
coal-pits. 

Thefe 
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Thefe three degrees of wind, that is the fecond and 
third of the Edinburgh regifter, and an intermediate de- 
gree, are very diftinguifhable even by the fenfes, and 
without the afliflance of any inftrument, by thofe who 
are attentive and have been accuftomed to make obfer- 
vations of this nature. 

To afcertain proportions of this nature, a longer term 
of years would have been more fatisfactory ; but, in cafe 
others mould afterwards purfue this kind of computa- 
tion, the proportions are digefted in two tables at the end 
of this effay, and may be confulted occafionally. 

In making up thefe tables, viz. one of the fecond de- 
gree and above, and the other of the third and upwards, 
hurricanes are included, though that degree of wind be 
too high for any machine. But, as the obfervations were 
taken twice in twenty-four hours, and as winds fufficient 
to move thefe machines may be fuppofed to have hap- 
pened fometimes between the times of obfervation, 
though at thefe times the wind might have been below 
the mean ; to compenfate this defect, hurricanes are in- 
cluded in the computation. 

From thefe tables then we have the following propor- 
tions of the two degrees of winds and upwards, to thofe 
below; and likewife of the mean betwixt thofe two 
degrees. 

Winds 
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Day*. 

Winds of the fecond degree and upwards in] 

each week, 
Calms and winds below the fecond degree, 2.7 1 7 



1 



4.283 



2.592 



Winds of the third degree and upwards, 0.902 

Calms and winds below the third degree, 6.098 

Winds of a mean proportion between the two"! 
preceding degrees, — — J 

Calms and winds below the mean degree, 4.408 

The proportion of thefe winds in the year comes out 
in weeks and fractional parts thus : 

Weeks. 

Winds of the fecond degree 

the year, 
Calms and winds below the fecond degree, 20.239 

Winds of the third degree and upwards, 6.719 

Calms and winds below the third degree, 45.423 

Winds of a mean proportion between the two") 

.. \ I9-307 

preceding, — — — J 

Calms and winds below the mean, — 32.835 

From this computation we have 2.592 days in a week, 

or 19,307 weeks in a year, in which wind machines of 
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49 8 Dr. STEDMAN on the Degrees and ggantitm 
the heavier kinds, and of considerable friction, may be 
fuppofed to he kept in motion; which, to the times 
wherein they cannot go, is as i o to 1 7. 

It may be obferved, that the refiftance to the machine, 
or its weight and friction, being diminMhed, though in a 
finall degree, will add considerably to the frequency and 
length of times in which it can go; iince it often happens- 
that there are winds immediately below the loweft de- 
gree in the preceding eftimate, fnfficient to keep the 
lighter machines in motion. Hence thofe who have 
machines which are not abfolutely of the heavieft kind, 
will be apt to conclude this computation erroneous. Be- 
sides, there are few who make allowance for, or attend 
to, the univerfal law which, obtains in mechanics, that in 
larger machines, their power doth not increafe in a pro- 
portion fo high as their bulk and the refiftance arifing 
from their friction. 

Computations of this nature, if carried on for a fuffi- 
cient length of time, might be of fome ufe in regulating 
infurances, or in pointing out the rifles of nautical ad- 
venturers, when made in the fame climates with the 
calculation of winds. 

Here I ihould have concluded ; but having, after writing 
what, is above, committed thefe tables and obfervations 
to the examination of a learned member of your So- 
ciety, 
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ciety, much converfant in thefe matters, I had the fatif- 
fa&ion to find that he thought them worthy to be 
communicated to the Royal Society; but remarked, that 
the materials, which I had proceeded upon, were not fo 
applicable to the purpofe as could have been wifhed. 
He thinks, that the degrees of winds, being only dif- 
tinguifhed into four in the journals from whence thofe 
tables have been compiled, are much too few to take in 
thofe of the weaker kind, that will however turn well- 
conftru&ed wind-mills. Indeed I regretted that the table 
from which I made my eftimate contained fo few de- 
grees ; but it was for that reafon I calculated an inter- 
mediate degree between the fecond and the third of our 
meteorological regifter. Now as all the degrees above 
that intermediate degree are fufficient to move the hea- 
vieft machine, and the degrees below it infufficient for 
that purpofe, fo far as I have been able to obferve, it 
comes to be the fame as if the table, from which I made 
the eftimate, had confifted of eight degrees, fuppofmg a 
mean proportion to be found between the other degrees : 
thus, o, i, 1, 1}, 2, 2|, 8cc this laft number 2^, being 
the loweft degree which I find fufficient for the heavieft 
machines, would have been 5, had thefe fractional parts 
been integers in the table, fo that the higheft degree, in- 
flead of 4 would have been 8. The mean, therefore, 

T t t 2 between 
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between a and 3 being found, will, if I miftake not, 
anfwer the preceding objection. 

This worthy member, at the end of his obfervafions, 
fays, a mill fo conftructed may be expected to go the half 
of the year; that is, I prefume, a wind-mill conftructed 
in the neateft and moffc ingenious manner. But this,. I 
have reafon to believe, is far from being the cafe with 
wind-mills in this country, they being for the moft part 
clumfy. I doubt not but wind-milts, the conftruction of 
which this ingenious gentleman hath directed, though 
of the fame fize and confuting of the fame numbers 
with thofe I have feen here, will neverthelefs be moved 
by a lower degree of wind, and confequently will go a 
greater proportion of time, though they have the fame re- 
fiftance to overcome as others lefs artificially conftructed. 
Indeed the fame wind machine, as is well known, will 
require a degree of wind considerably higher when 
its joints are dry or become gummy, than when they are 
fufficiently greafed. In my eftimate I have all along had 
an eye to the wind machines which have the greateft 
refiftance to overcome, and confequently the machines 
themfelves of the largeft kind. But when the learned 
gentleman fuppofes a machine to go one half of the 
year, he may perhaps not underftand one abfolutely of 

the 
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the largeft kind. Now as the powers of fimilar ma- 
chines, but of different magnitudes, are as their cubes, 
but the refiftance arifing from their weight and fridtion 
as the fourth power; it follows, that a (mail difference in 
the fize of two or more wind machines will require con- 
siderable differences in the winds necefTary for their 
movements. 

I am, 8cc. 
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TABLE I. 



Shewing the Proportion 
and upwards, to thofe 

years. 



of winds of the fecond degree 
of the firft and below, for five 
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Proportion 

of winds of 
the 2d degree 
to thofe of 
the firft, &c. 
in 1731 and 
173a. 


Proportion, 
&c. in 173a 
and 1733- 


Proportion, 
&c. in 1733 
and 1734. 
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&c. in 1734 
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33 
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36 
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36 
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35 


27 
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39 
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18 


42 


5' 


9 
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33 


25 
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43 


'9 


29 


33 


38 


24 


46 


16 


41 


21 
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"3 
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55 


7 


43 


>9 


35 


27 


58 


4 


45 


'7 
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45 


J 3 


46 


10 


48 
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47 


9 


42 


16 
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56 
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39 


23 


50 
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22 


53 
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46 
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26 


42 
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H 
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54 


8 
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36 


26 


55 


7 


57 


5 
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467 
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2236 
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table n. 



Shewing the proportion of winds of the third degree 
and upwards, to thofe of the fecond and below, for 
five years* 
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II 
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1 
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50 


11 


5i 


2 


60 


35 
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11 


49 


8 


52 


19 


4i 


2 


58 


6 


54 


46 
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December 


17 


45 


4 


58 


12 


5° 


9 


53 


4 


58 


46 
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5 


57 
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S3 


18 


44 
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56 


49 
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44 


7 


5i 


87 
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57 


5i 
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5* 
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9 


5i 
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5 


55 


36 
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7 


55 
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62 


9 


53 
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52 


4 


58 


3° 


280 


Sum of years") 
and months, J 


109 


623 


75 


655 


144 


586 


94 


636 


49 


683 


47i 


3i8 3 



XXVII. Z>*- 



